Abstract: Grenada is highly dependent on coral reefs as a source of food and to support tourism. Local and global environmental stressors threaten these reefs. Legislation was created for this MPA in 2001, permanent mooring buoys were deployed in 2009 and enforcement of fishing restrictions began in 2010. Initiatives to address point and nonpoint source pollution from the land have recently begun, aimed at reducing stress on reef area. This study documents benthic cover and fish populations associated with reefs in a Marine Protected Area (MPA) along Grenada's southwest coast from 2008 through 2012. Both Point Line Intercept and Photo Quadrat methods were used to assess benthic cover along permanent 30m transects (8 in and 12 outside the area) annually. Fish and Diadema antillarum urchin relative abundance were determined based on 2m wide belt surveys along the same transects. The predominant substrate cover was algae, ranging from 41% in 2009 to 74.2% in 2011. A general trend of increasing algal cover was noted. Combined annual survey results prior (2008)(2009)(2010) and after controls were implemented (2011-2012) showed a significant increase in algal cover. The predominant algal form was macroalgae comprising 65.4% -90.8% of total algae. Live hard coral percent cover ranged from 8.7% to 21.1%. Little annual variation was observed in percent live coral cover. Branching corals (34.1% -52.3% of total living hard coral) were the most common. Of the 19 living hard coral species identified, Porites porites (21%-23%) and Porites astreoides (20%) dominated percentage composition. Madracis mirabilis contributed 21% of total live hard coral outside the MPA but only 8.7% in the MPA. Of the 63 species of fish identified in the study areas Chromis spp. (71.5% -46%) was the dominant group. Wrasse had a significant increase from 6.9% in 2008 to 21.5% in 2010 inside the MPA with a similar increase peaking in 2011 outside the MPA. There was a noticeable (though not statistically significant) increase in piscivorous fishes in the MPA in 2012. This is a promising indication that fishing restrictions in the MPA may be having an effect. Diadema antillarum density was low, ranging from 4.58 to 0.21 urchins/100m 2 outside and 0.28 to 0.10 urchins/100m 2 inside despite a stocking attempt in the area in 2011. Rev. Biol. Trop. 62 (Suppl. 3): 273-286. Epub 2014 September 01.
the economic value of coral reefs and provide opportunities to educate the public about the threats to coral communities (Angulo-Valdes & Hatcher, 2010; Sala et al., 2013) .
Since tourism is the primary industry of Grenada and the nearshore reefs are important tourist attractions, the Grenadian government established legislation for the MoliniereBeausejour MPA on the southwest coast of the island in 2001 (Byrne, 2007; Turner, 2009) . Permanent mooring buoys were established in 2009 and in 2010 warden patrols began enforcing newly established fishing and anchoring restrictions. Annual monitoring of fish and coral communities within Grenada's MPA and at similar coral communities outside the MPA began in 2008 (Anderson et al., 2012) . Monitoring is an essential component of the success of this MPA (Convention on Biological Diversity, 2012). The biological data collected over the past five years can be used to inform adaptive management of the Moliniere-Beausejour MPA. The current study provides a detailed analysis of substrate cover including relative abundance of coral species as well as two years of monitoring data since implementation of MPA restrictions.
METHODS AND MATERIALS
Study Area: The Moliniere-Beausejour MPA is located along Grenada's southwest coast. Two study sites are in the MPA (Dragon Bay, 12°5'6.00"N, 61°45'45.36"W and Flamingo Bay, 12°5'30.36"N, 61°45'30.60"W) and three sites on nearby reef areas outside the MPA (Northern Exposure Shallow, 12°1'57.30"N, 61°46'14.28"W; Northern Exposure Deep, 12°2'22.14"N, 61°46'4.74"W and Quarter Wreck, 12°1'40.98"N, 61°47'0.84"W) . Water depth at the study sites ranged from 5.2m-12.2m. All sites were established in 2008; in water surveys were conducted during May or June each year.
Methods: Both Point Line Intercept (PLI)
and Photo Quadrat (PQ) methods were used to assess substrate type inside and outside the Moliniere-Beausejour MPA. Relative abundance of major substrate types along with fish species and Diadema antillarum were estimated based on a revision to the Crosby and Reese (1996) PLI method developed by Crosby and Bruckner in 2002 . Three algal forms were identified in the sampling protocol: macro algae, turf algae and coralline algae. In addition live hard coral was grouped into branching, massive, plate and encrusting forms. Four 30m parallel permanent transects were set up at each of the five sampling sites. Substrate type was recorded at points at 50cm intervals along the 30m transects. Fish species and D. antillarum observed within a two meter wide belt along the transect tape and throughout the water column during a 10 minute scan were recorded. In order to enhance the reliability of these observations digital photographs were taken with a Canon EOS Digital Rebel XTI, with EF-S 60mm f/2.8 Macro USM lens and dual Ikelite DS160 strobe lights each 50cm along the transect tape immediately after the PLI transects were completed. An "L" shaped PVC pipe attached to the camera housing was used to maintain a 60cm distance from the substrate and provide a standard scale for size calibration. CPCe v.3.6 and v.4.0 (Kohler & Gill, 2006) was used to estimate substrate cover types in a 20cm by 20cm square within each photo. The substrate under eight randomly generated points was identified providing a total of 480 points per transect. An approximately six minute video scan of each transect at each study site was also made with a Sony HDR-SR8 in an Amphibico housing to provide a general perspective of the coral community.
Coral species encountered along transects were identified and relative abundance determined based on occurrence within 50cm by 30cm rectangles created on 2011 transect photographs using CPCe v.3.6. Scleractinian corals were identified to species level and octocorals were identified to genus unless picture quality would not allow sufficient detail for identification. Identifications were based on Humann (1993) and Sprung (1999) .
Statistical Analysis: For the photo quadrat, point line intercept, and fish data a Repeated Measure Analysis of Variance (ANOVAR) with two factors, time and protection, was used to determine if the category varied by year or location (inside and outside of the MPA). All data was tested for normality, equal variance, and sphericity, and an ArcSine Root or Log transformation was used to satisfy the assumptions of normality and equal variance. A Greenhouse-Geisser correction was used for data that did not meet the assumption of sphericity. When significant differences were detected a follow up one-way ANOVA for time and a T-Test for protection were used to determine when the differences occurred. If the data did not meet the assumptions of equal variance or normality, despite transformations, the ranked values were analyzed instead. Non-normally distributed data, if deviation from normality was not severe, was still analyzed as ANOVA tests are robust to deviations from normality (Sokal & Rohlf, 1995) . Additionally, before (2008 Additionally, before ( -2010 Additionally, before ( ) and after (2011 Additionally, before ( -2012 analysis using a T-Test or a non-parametric Wilcoxon test was done on the various categories to determine if enforcement measures may have had an effect. For the 2011 coral species abundance data a non-parametric Wilcoxon test was also used to determine significant differences between a particular coral species inside and outside the Marine Protected Area.
RESULTS

Substrate:
Algae was the dominant substrate cover at survey sites inside and outside the MPA. Both the Point Line Intercept (PLI) and Photo Quadrat (PQ) survey methods showed a trend of increasing algal cover reaching a peak in 2011 (Fig. 1) . Combining survey results prior to implementation of MPA controls ( [2008] [2009] [2010] and comparing this to combined data after MPA controls were implemented (2011) (2012) showed a significant increase in algal cover for both PLI and PQ after controls were implemented both inside and outside the MPA (Table 1) were much lower than the PQ results for the same transects possibly due to under estimates by the divers. This shows the benefit of photo quadrat sampling on the same transects as the PLI surveys. The coralline algae contribution inside and outside the MPA was significantly higher before MPA controls were implemented based on PQ data (T-Test, p<0.05) however PLI results showed that coralline algae was significantly higher after MPA controls outside the MPA (Table 3 ) (Wilcoxon, p<0.05). Live hard coral percent cover (Fig. 1 (Table 4) . Combined annual results before and after implementation of MPA controls (Table 5) showed that the percent composition of branching coral did not change significantly (T-Test, p>0.05). Massive coral percent composition on the other hand was significantly greater inside than outside the MPA (T-Test, p<0.05) before but not after controls were implemented based on both the PLI and PQ surveys (Table 5 ). Massive and encrusting coral were similar in percent composition of the total hard coral community with no significant annual variation (ANOVAR, p>0.05) except for a significantly higher percent composition (T-Test, p<0.05) seen outside the MPA in 2012 compared to 2008 (Table 4) . Percent composition of massive coral was significantly higher in the MPA in 2008 (T-Test, p<0.05) than outside the MPA but the difference declined somewhat through the years to the point that massive coral percent composition was higher outside the MPA in the 2012 PLI survey (Table 4) .
A total of 22 coral taxa were identified (19 hard coral species and three octocoral genera) in the nearshore waters of Grenada. In the MPA Porites porites and Porites astreoides dominated the surveys (Table 6 ) making up (Fig. 2) . Analysis of combined annual results prior to implementation of fishing controls and after implementation showed no significant change for the major groups of fishes observed along transects inside and outside the MPA (T-Test, p>0.05). The only exception to this was a significant increase in wrasse outside the MPA after implementation of fishing controls (T-Test, p<0.05) ( Table 7) .
The fish observed along transects were grouped based on their feeding habits following Sandin, Sampayo and Vermeij (2008) . Planktivores, comprised mainly of Blue and Brown Chromis as well as Bicolor Damselfish, dominated the feeding groups' percent composition (Fig. 3) . Percent composition of planktivores was significantly greater inside than outside the MPA in 2011 and significantly higher in 2011(T-Test, p<0 .05). Herbivores, made up of Parrotfishes, territorial Damselfishes, and Surgeonfishes, ranked second among the percent composition of feeding groups and were significantly greater outside the MPA in 2008 (T-Test, p<0.05) and 2011 (T-Test, p<0.05). There was a large increase in the piscivore feeding group in the MPA during 2012; however this increase was not significant due to the high variation in the data (ANOVAR, p>0.05). Combining percent composition of fish feeding groups results revealed that carnivorous microinvertivore feeders were significantly more abundant outside the MPA than inside after implementation of controls in the MPA (T-Test, p<0.05). Herbivorous fishes were significantly more abundant outside the MPA than inside before and after implementation of MPA controls (Table 9 ) (T-Test, p<0.05).
Diadema antillarum: Density of Diadema antillarum has been consistently greater outside than inside the MPA during 2008 through 2012. Density ranged from 4.58 urchins/100m 2 (2.3; 24) outside the MPA in 2008 to 0. 1   TABLE 8 Fish species observed during surveys at five sampling locations over Grenada's southwest coastal reefs during [2008] [2009] [2010] [2011] [2012] urchins/100m 2 (0.1; 16) in the MPA during the 2010 -2012 surveys. There is a general decline in density across the years (Table 10) .
DISCUSSION
Nearshore coral reefs are suffering from local as well as global environmental impacts. Local impacts such as overfishing, nutrient and soil runoff from farms, municipal pollution and damage from tourist activities combine with the impacts of global climate change to cause degradation of coral communities (Gardner, Côte´, Gill, Grant & Watkinson, 2003; Burke & Maidens, 2004; Knowlton & Jackson, 2008; Burke et al., 2011; Jackson et al., 2012) . Changes in global climate have resulted in ocean temperatures high enough to cause bleaching and stress to corals (Baker, Glynn & Riegl, 2008; Bruckner & Hill, 2009; Cantin et al., 2010; Eakin et al., 2010; Buddemeier, lane & Martinich, 2011; Riegl, Berumen & Bruckner, 2013) . Local impacts such as increased nutrient levels have now been shown to increase sensitivity of corals to bleaching (Wiedemann et al., 2013) . Increased CO 2 levels in the atmosphere drive higher CO 2 levels in ocean water reducing pH that in turn hampers formation of the calcium carbonate skeletons of some coral species (Ries, Stanley & Hardie, 2006 , Fine & Tchernov, 2007 Riegl, Bruckner, Coles, Renaud & Dodge, 2009 ). Marine Protected Areas have the potential to offer some relief from the local stressors thereby increasing potential resilience of the coral community to impacts associated with climate change (Riegl et al., 2009; Selig & Bruno, 2010; Riegl et al., 2013) . The purpose of this study is to monitor the coral reef community in Grenada's MPA as various management practices are implemented.
The five years of data compiled in this study to date confirm concerns that Grenada's nearshore reefs are at risk as indicated in Burke et al. (2011) . The general increase in macro algal cover and low percent live coral cover are clear indicators of continued local as well as global stresses. High relative percent of macro algae compared to turf and coralline algae both inside and outside the MPA are indicators of high nutrient levels and overfishing (Littler & Littler, 2007; Sandin et al., 2008) . The greater proportion of branching corals compared to massive corals and the high relative percent of non-framework building corals (Gardner et al., 2003) such as Porites porites, Madracis mirabilis, and Porites astreoides (Table 4) are not indicative of a resilient coral reef system. The predominance of planktivorous fishes and low percent composition of piscivores are likely a result of selective overfishing and nutrient loading (Knowlton & Jackson, 2008; Sandin, 2008; Jackson et al., 2012 ). Grenada's Moliniere-Beausejour MPA encompasses an important portion of the reefs along Grenada's southwest coast and improvement in the reef community in the MPA has the potential for improving all of the coral reef communities along the southwest shore (Angulo-Valdes & Hatcher, 2009; Crabbe, 2013; Sala et al., 2013) . Fishing restrictions and required usage of permanent mooring structures have been implemented in the MPA. The MPA is patrolled and information campaigns highlighting the role and importance of the MPA have targeted fishermen as well as the general public on the island. An attempt to reduce macro algae in the MPA by introducing D. antillarum in 2011 (Nimrod, 2012) did not result in a detectible increase in urchin density during surveys in 2011 or 2012 (Table 10 ) and in fact D. antillarum density in the MPA was actually lower in 2010 through 2012 than in the previous two years. Comparison of combined annual survey data before MPA controls were implemented (2008) (2009) (2010) to surveys after implementation (2011) (2012) show that algal cover on the reef has increased significantly both inside and outside the MPA. This algal increase along with some reduction in live hard coral cover suggests that protection measures have not yet impacted the benthic reef community. To date no significant changes in the benthic or fish community have been recorded in the MPA. It is interesting to note however that there was an increase in piscivores and a slight decline in planktivores in the MPA in 2012 (Fig. 3,  Table 9 ). These results may be an indication that additional measures need to be taken to enhance the MPA. Measures implemented thus far target fishing and physical damage to the reef. Since excess nutrient runoff from shore is a potential driver of algal growth this may be an important issue to be addressed by all concerned with marine resources.
Studies of local nutrient runoff from point and nonpoint sources on local farmland and municipal areas are under development. In addition the government of Grenada Fisheries Division will soon be implementing a modified version of the Great Barrier Reef Marine Park Authority 'Reef Guardian' educational program for groups including farmers (pers. comm. C. Andrew 2013). It is hoped that follow through on these initiatives may help to reduce the stresses posed to this coral community.
This ongoing nearshore monitoring study is focused on those reefs used most extensively by Grenada's dive and snorkel industry. It is hoped that the data collected will assist in raising public awareness of conditions on the reefs and also assist MPA managers in applying effective management practices. Enhanced reefs in the nearshore waters of Grenada's southwest shore could result in a boost to the island's economy through increased interest in dive tourism. With appropriate regulation of tourist and local user activities this area will be a sustainable resource for Grenada. 
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RESUMEN
Monitoreo en aguas cercanas al área marina protegida en la costa de Granada, Caribe Oriental: cobertura bentónica y poblaciones de peces. Granada es muy dependiente de los arrecifes coralinos como fuente de alimento y apoyo al turismo. Factores estresantes locales y globales amenazan con estos arrecifes. La legislación fue creada para esta área protegida en el 2001, boyas de amarre fueron colocadas en 2009 y las restricciones a la pesca comenzaron a implementarse a partir del 2010. Iniciativas para reducir el estrés por contaminación terrestre, de fuentes puntuales y no-puntuales, en la zona comenzaron recientemente. Este estudio documenta la cobertura bentónica y poblaciones de peces asociados a los arrecifes del área marina Protegida (MPA) a lo larfo de la costa suroeste de Granada del 2008 al 2012. Se utilizaron los métodos de Punto Línea Intercepción (PLI) y Cuadrantes Fotográficos (PQ) para evaluar anualmente la cobertura bentónica a lo largo de transectos permanentes de 30m (ocho dentro y 12 fuera del MPA). La abundancia relativa de peces y del erizo negro Diadema antillarum a través de censos visuales de 2m de ancho a lo largo de los mismos transectos lineales. La cobertura de sustrato estuvo dominada por algas con 41% en 2009 y 74.2% en 2011. Se notó una tendencia general de aumento en la cobertura algal. La combinación de los resultados antes de las encuestas (2008-2010) y después de la implementación de los controles del MPA (2011-2012) mostró un aumento significativo en la cobertura algal. La forma algal predominante fue macroalgas que consta el 65.4% y el 90.8% del total de algas. El porcentaje de cobertura de coral durovarió entre un 8.7% y un 21.1%. Se observó una pequeña variación anual en el porcentaje de cobertura de coral vivo. Los corales ramificados (34.1%-52.3% del total de corales duros) fueron la forma de coral más común encontrada durante el estudio. De las 19 especies de corales duros identificados, Porites porites (21% -23%) y Porites astreoides (20%) dominaron el porcentaje de composición. Madracis mirabilis contribuyó en un 21% del total de corales duros fuera del MPA pero solo un 8.7% en el MPA. De las 63 especies de peces identificadas en el área de estudio Chromis spp. (71.5% -46%) fue el grupo dominante. Los lábridos (Labridae) mostraron un aumento significativo de su abundancia de un 6.9% en 2008 a un 21.5% en 2010 dentro del MPA con un pico de incremento similar en el 2011 fuera de la MPA. Hubo un aumento notable (aunque no significativo estadísticamente) en los peces piscívoros dentro del MPA en 2012. Esto es una indicación prometedora de que las restricciones de pesca en la MPA pueden estar dando efecto. La densidad de Diadema antillarum fue baja, osciló entre 4.58 y 0.21 erizos/100m 2 fuera del MPA y entre 0.28 y 0.10 erizos/100m 2 dentro del MPA a pesar de la existencia de un programa de repoblación de la especie llevado a cabo en el 2011.
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